ABSTRACT Four cannulated, lactating cows were used to determine the effects of extruding white lupin seeds (WLS) on intraruminal CP degradation and absorption of AA from the small intestine. Raw lupin seeds (RWLS) and extruded lupin seeds (EWLS) were fed in diets containing 15.5% CP and composed of 22.4% WLS, 55.9% corn silage, 10.1% maize grain, and 10.6% Italian ryegrass on a DM basis; WLS provided approximately 50% of the total dietary CP. Spot samples of digesta were collected from the proximal duodenum and terminal ileum during 72 h. Chromium EDTA, YbCl3, and purines were used as liquid, particulate, and bacterial markers, respectively. Because of the extensive ruminal degradation of dietary N with the RWLS diet compared with the EWLS diet (64.2 vs 38.8%), less total AA flowed to the duodenum (1,748 vs 2,347 g/d), and because of the decrease of availability (67.2 vs 79.0% of entering), absorption from the small intestine was lowest with this diet (1,175 vs 1,855 g/d) . The apparent digestion of individual AA in the small intestine (percentage entering) ranged from 46.5 to 88.4 when cows consumed RWLS and from 58.9 to 94.4 when they were fed the EWLS diet. Among the diets, apparent absorption of histidine, lysine, glycine, and serine were higher than those of other AA; also, valine, alanine, and proline showed intestinal absorptions that were somewhat lower than those of the remainder of the AA.
Introduction
The AA available for absorption in the ruminant are derived from the portion of the dietary CP that escapes ruminal digestion and from microbial protein synthesized in the rumen. The rate of ruminal degradation of CP in white lupin seeds (WLS) is relatively high (Wright et al., 1989; Kibelolaud et al., 1991) . Recently, extrusion has been used as a method to heat-process oilseeds. Heat treatment decreases the in situ ruminal breakdown of WLS CP and increases the digestibility of dietary protein entering in the small intestine (Cros et al., 1992a; Kibelolaud et al., 1993) ; the calculated temperature at which these effects are optimum is 195°C (Kibelolaud, 1992) . In addition, the WLS protein that escapes ruminal digestion differed markedly qualitatively from its initial composition (Cros et al., 1992b) . Thus, WLS that are degraded in the rumen differ in their potential as a source of absorbable AA in the intestine from the original source.
lTo whom correspondence should be addressed: 145 Av. de (average BW 650 k 23 kg) fitted with ruminal cannulas and T-type cannulas a t the duodenum and ileum were used. Cannulation techniques provided for humane treatment of cows, adhered t o locally approved procedures, and were similar to those described by Streeter et al. (1990) . Postoperative care consisted of both topical and i.m. application of antibiotics as outlined by Caton et al. (1987) . At the beginning of the experiment cows were in 45 to 55 d of lactation and averaged 35 kg of milWd. They were kept in individual pens on a diet consisting of 55.9% corn silage (flint stage), 10.6% Italian ryegrass hay (second growth after first cut at heading), 10.1% maize grain, 22.4% hammermilled WLS, and 1% mineral-vitamin mix on a DM basis. The mix provided PROTEIN (percentage) P ( 5 ) , Ca (141, Na (61, Mg ( 6 ) , Zn (.4), Mn (.32), Fe ( . 3 ) , Cu (.08), as well as vitamins (unitskg of DM) A (250,8001, D3 (62,700) , and E (1 12). The WLS tested were either raw or extruded at 195"C, and they provided approximately 50% of the total dietary CP. The diet was given four times daily (equal portions) at 0600, 1200, 1800, and 2400 at levels near the theoretical requirements of the cows calculated from expected milk production. Each cow received the same diet and the daily DM intake was 17.8 f .2 kg. The chemical composition of WLS and diets is presented in Table 1 (Faichney, 1975) ; the two markers were infused via separate infusion lines. at 4°C and was composited by cow. Subsequently the bacterial isolates were lyophilized. In situ degradability measurements of RWLS and EWLS began on d 22 of each experimental period. Nylon bags ( 7 cm x 11 cm) were prepared by heatsealing pieces of Blutex T50 of porosity 46 pm (Tripette et Renaud, Paris, France). The bags were filled with 3 g of sample, ground through a 1.2-mm screen, and heat-sealed. For incubation in the ventral sac of the rumen five bags per protein source per cow were introduced immediately before the morning feeding. They were connected by a nylon cord to the cap of the ruminal cannula and incubated for 16 h ; bags were immediately rinsed under cold water to eliminate adhering digesta, machine-washed, and dried at 80°C in a forced-draft oven for 48 h. The effect of extrusion of WLS on the disappearance of CP in the intestine was examined by further incubation of 10 bags ( 6 cm x 6 cm; mean pore size 46 pm; 1.5 g of sample) per protein source per cow. After preincubation for 16 h in the rumen, the bags were removed, rinsed under cold tap water, incubated in a pepsin-HC1 solution ( 3 g of p e p s i d of .01 N HC1) at 39°C for a further 3 h (Sauer et al., 1983; Kirkpatrick and Kennelly, 1984; Kendall et al., 19911 , rinsed again, and inserted into the small intestine through the duodenal cannula at the rate of 12 bagsk. The bags were subsequently recovered from the feces after about 16 to 20 h; they were treated similarly to those removed from the rumen. Bags not recovered within 30 h were discarded (de Boer et al., 1987) .
Laboratory Analyses. Feed (fed and refusals), bacterial isolates, duodenal and ileal digesta, feces, and bag residues were analyzed for DM (24 h drying at 105°C) and ash (12 h incineration at 550°C) and for total N by the Kjeldahl method. For AA analysis, samples (approximately 150 mg) of feed, bacteria, intestinal digesta, and bag residues were hydrolyzed in 15 mL of 6 N HCl for 22 h at 105°C. Test tubes were purged with N2 gas to minimize oxidation of sulphur AA during hydrolysis. However, tryptophan is not recovered with this procedure and variable destruction of sulphur AA occurs (Mosse, 1990) . Consequently, the concentrations of the sulphur AA that we report probably underestimate the true concentrations. Amino acid composition of hydrolysates was determined using a Beckmann 119 CL AA analyzer. The AA were separated on ion-exchange columns with a sodium citrate buffer gradient ranging in pH from 2.8 to 3.8. Feed was analyzed for ADF, NDF, and lignin (Van Soest, 1963; Van Soest and Wine, 1967, 1968) and for ether extract (AOAC, 1984) . Nitrogen solubility of WLS was determined after extraction in artificial saliva (Vkrite and Demarquilly, 1978) . Concentrations of NH3 N in ruminal fluid were determined by a colorimetric method (Verdouw et al., 1977) . The RNA content of bacteria was evaluated according to the method of Zinn and Owens (1986) ; Cr and Yb concentrations were estimated on a PerkinElmer Model 3085 atomic absorption spectrophotometer (Norwalk, CT) as described by Siddons et al. (1985) for the former and by Ellis et al. (1982) for the latter.
Calculations and Statistical Analyses. Ruminal disappearance of CP from the nylon bags was calculated as the difference between the initial and residual amounts remaining in the bags at 16 h. The amount of digestible CP reaching the lower gastrointestinal tract was calculated as the difference between whole tract digestion and rumen disappearance (16 h). Intestinal availability of nuninally undegraded CP was estimated as follows: (ruminally undegraded CP -residue after rumen plus intestinal incubation)/ruminally undegraded CP.
A dual marker technique (Faichney, 1980 ) was used to estimate intestinal DM flows. Flows of bacterial N at the duodenum were calculated using N:
purine ratios of isolated bacteria and purine flow to the duodenum. The N:purine ratios of isolated bacteria were the averages of samples taken at the five time intervals for each cow in each period. Feed N flowing through the duodenum was calculated as nonammonia N (NAN) minus bacterial N, and thus includes the endogenous N fraction. In addition, only fluid-associated bacteria were harvested from ruminal contents in our experiment, and differences exist in the composition of fluid-and particle-associated bacteria (Craig et al., 1987; Legay-Cannier and Bauchart, 1989) ; the ratio of N:purine is lower for fluidassociated bacteria than for particle-associated bacteria. Other research (Ferlay et al., 1992) has shown that on the sole basis of fluid-associated bacteria, duodenal NAN flow is lower than the value calculated from fluid-and particle-associated bacteria. Therefore, the ruminal escape values for feeds that we report probably underestimate the true values.
In vivo data were subjected to an ANOVA procedure of ITCF (1985) to determine the main effect of cow, diet, and cow x diet interaction. For the in situ data the model included effects for cow, protein source, and the cow x protein source interaction. Significance was declared at P < .05.
Results and Discussion
In Situ Ruminal and Intestinal Digestion. The chemical analyses of WLS are presented in Table 1 .
Subjecting WLS to heat treatment had no significant effect on CP content, but it reduced CP solubility by 75%. Soluble N of RWLS was high, but similar to values reported previously (Kibelolaud et al., 1991) .
The major proportion of protein in WLS is globulins, followed by albumins and small amounts of glutelins and prolamins (Varasundharosoth and Barnes, 1985) . Albumins and glutelins are sensitive to heat treatment, which renders them insoluble in water (Duranti and Cerletti, 1979; Blethen et al., 1990) . Earlier reports have shown that heat treatment, either dry or wet, substantially decreases the N solubility of grains (Leonard and Block, 1988; Cros et al., 1991; Benchaar et al., 1992; Walhain et al., 1992) .
The influence of extrusion on in situ ruminal, intestinal, and total tract disappearance of CP and intestinal availability of ruminally undegraded dietary CP is listed in Table 2 . Our ruminal in situ study and those of others (Tracy et al., 1988; Kibelolaud et al., 1991 Kibelolaud et al., , 1993 Kung et al., 1991) shows that RWLS are highly degradable in the rumen. Processing WLS at 195°C effectively reduced the ruminal breakdown of CP in WLS by 49.6%, thus potentially increasing the amounts of WLS CP available for digestion in the intestine; Kung et al. (1991) reported that roasting WLS at 175°C resulted in a > 40% decrease in ruminal m e a t m e n t means are different ( P < .05).
(UDCP).
represents the residue after rumen plus intestinal tract.
in situ N disappearance after 12 h of incubation. Similar effects of extrusion on the degradation of CP in the rumen have been reported previously by several investigators with canola meal (Moshtaghi Nia and Ingalls, 19921, cottonseeds (Arieli et al., 19891, beans (Cros et al., 1991; Benchaar et al., 1992) , and peas (Walhain et al., 1992) . The extent of digestion of CP in the whole digestive tract was not affected by processing used in this study. The values observed were high (97.4%) but similar to those obtained by others using the mobile nylon bag technique with various seeds: soybean, canola, cotton, lupin, or bean (Deacon et al., 1988; Arieli et al., 1989; Cros et al., 1991; Kibelolaud et al., 1991) . Therefore, extrusion of WLS at 195°C shifted the digestion of CP postruminally and had no overprotection effect. Because N digestion in the hindgut is relatively low (Voigt et al., 1985) , the effect of heat treatment on the postruminal disappearance of CP is probably related mainly to digestion in the small intestine. The intestinal availability of undegraded ruminal CP was much lower for RWLS than for EWHB. Ruminal escape proteins may be least available in the intestines because much of the readily digested CP are degraded by microorganisms, leaving only more refractory portions. Other data sets show the same trend, that is, lower intestinal availability of N from CP sources that are extensively degraded in the rumen compared with availability of N from CP sources with high ruminal N escape (Arieli et al., 1989; Cros et al., 1992a; Walhain et al., 1992; Kibelolaud et al., 1993) .
M eans reported here for AA composition of WLS (Table 3 ) are similar to those tabulated from the literature (Guillaume et al., 1987; Cros et al., 1992b) .
The AA composition of the ruminally undegraded fractions seemed to differ from the initial WLS AA composition (Table 3) . Trials conducted in vitro and in vivo (Chalupa, 1976; MacGregor et al., 1978; Thomas et al., 1979) and in situ with nylon bags (Cros et al., 1992b,c) indicated that feed AA are not degraded equally by ruminal microorganisms, suggesting accordingly that residual AA composition of feed is different from the original. Our results agree with these observations; nevertheless, others (Ganev et al., 1979; Weakley et al., 1983) found no systematic modifications in the residue left in bags after ruminal incubation compared with the unincubated sample. But, when the quality of the original and ruminally undegraded CP fractions is compared, as was done in our study, the possible effect of the AA originating from the attached microbial matter t o the particles of the ruminal residue is not taken into account. Therefore, contamination of feed particles with bacteria can modify the AA composition of the ruminally undegraded CP, but the error due to contamination seems small with protein-rich feeds (Varvikko, 1986) . Thus, the microbial AA probably did not affect our AA determination of the WLS residues to any considerable extent. Extrusion reduced the ruminal disappearance of total AA from 95.8 to 40.1%; however, (Table 4) . Consequently, the AA profile of the EWLS residues that bypass the rumen may differ from that of the RWLS residues (Table 3) ; the former contained greater proportions of arginine and glutamic acid and lesser amounts of histidine, leucine, sulphur AA, threonine, valine, alanine, glycine, and serine than did the RWLS.
Of the RWLS AA escaping breakdown after 16 h of ruminal exposure, sulphur AA and lysine tended to be less digestible than total AA in the postruminal sections (23.8 to 31.0 vs 50.0%), whereas tyrosine and threonine seem more digestible ( Table 4) . The ruminally undegraded CP from EWLS showed a higher intestinal disappearance for all individual AA than the ruminally undegraded CP from RWLS (e.g., 57.1 vs 2.1%). In fact, disappearances higher than this mean were obtained for several AA. Among these, isoleucine and valine showed the highest intestinal disappearance (80.2 to 87.2%). Also, sulphur AA, histidine, and glutamic acid showed intestinal disappearances of 40.9 and 43.7%, respectively, which were somewhat lower than those of the remainder of the AA. These findings are in agreement with those of other studies demonstrating variations in intestinal digestion of individual AA, both within and between feeds (Hvelplund and Hesselholt, 1987; Cros et al., 1992b,c) . Thus, intestinal disappearances found for the individual AA in the different undegraded protein sources (e.g., lupin [present work; Cros et al., 1992b1, beans [Cros et al., 1992~1 , soybean meal, corn gluten meal, and fish meal (Titgemeyer et al., 19891) show large differences.
In Vivo Ruminal and Small Intestine Digestion.
Nitrogen intake and comparisons of N flow among diets are shown in Table 5 . Intake of N was not influenced by supplemental CP source, but duodenal NAN flow tended t o exceed dietary N intake for the EWLS diet, perhaps as a result of recycling endogenous N. Duodenal NAN flows in excess of N intake have been reported in studies with cattle (Santos et al., 1984) and sheep (Beever et al., 1976) in which byproducts and processed forages were fed. In addition, the quantity of NAN recovered in the proximal duodenum was 36% greater from cows fed the EWLS diet than from cows fed the RWLS diet, resulting from higher dietary N flow; there were no differences in bacterial N flow to the duodenum among diets. Contribution of bacterial N to NAN flow for EWLS and RWLS diets were 42.9 and 57.1%, respectively. These results are in accordance with Wright et al. (1989) , who showed NAN flow of bacterial origin for RWLS to be 63%. As expected, recovery of dietary N in the duodenal digesta was higher for the EWLSsupplemented diet than for the RWLS diet (61.2 vs 35.8%), suggesting that the extrusion conferred substantial protection to CP in WLS. These data are in Table 5 . Daily intake, flow, and digestion of N and AA in the small intestine of cows fed diets containing raw and extruded white lupin seeds (n = 4) agreement with in situ observations of lower ruminal breakdown of EWLS CP than of RWLS CP (Table 2) . However, degradations of dietary CP in the rumen were determined from the difference between NAN duodenal flow and bacterial flow of N and were a measure of apparent degradation because corrections for endogenous CP were not made. Similar results were obtained by others (Stern et al., 1985; Pena et al., 1986; Focant et al., 1990 ) when extruded or raw seeds (soybean, cotton, and pea) were fed to Holstein cows. In contrast, none of the fractions of duodenal N flow varied when cows were fed extruded rapeseeds (Ferlay et al., 1992) . Efficiency of bacterial CP synthesis was not different due to supplemental source and averaged 13.5 g/lOO g of OM truly digested in the reticulorumen. This value was lower than the mean reported by Stern et al. (1985) of approximately 26.6 g of bacterial CP synthesized per 100 g of OM truly digested in the rumen but was within the range of values reported by others (Wright et al., 1989; Focant et al., 1990; Keery et al., 1993) . Small intestinal absorption of NAN (gramsiday) was greater for the processed WLS than for the RWLS. The apparent digestion of NAN (percentage of entering) in the small intestine ranged from 61 (RWLS diet) to 66 (EWLS diet) and was similar to the literature average of 68 & 3% as summarized by Zinn and Owens (1982) and also to those values noted by Stern et al. (1985) , who reported NAN digestion with cows ranging from 63.8 to 71.6%. Apparent digestion of NAN in the small intestine was not greatly affected by extrusion of WLS, although NAN disappearance was greater for EWLS. However, in situ data suggested extreme differences in apparent intestinal disappearance of N ( Table 2 ). Given that WLS provided 50% of diet CP, one might expect a larger difference in intestinal availability between the two diets. However, the RWLS likely constituted only a small fraction of the N that was absorbed from the intestines in vivo, so differences in intestinal availability of the supplemental CP would be masked by the flow of N from bacterial CP and basal feeds.
Daily total AA intake, passage a t the proximal duodenum, and subsequent apparent absorption in the small intestine are shown in (Tagari and Berg-man, 1978; Pena et al., 1986 ) and is probably due t o secretion of nonamino compounds through bile and other secretions. Apparent AA digestion in the small intestine expressed as a percentage of total flow of AA to the duodenum was higher for the EWLS diet (79.0 vs 67.2%), indicating that treatment did not overprotect the CP or have a deleterious effect on AA digestion. These digestibility data are similar to findings of Stern et al. (1985) , who reported that digestibilities in the small intestine of ruminally undegraded AA from diets containing soybeans and extruded soybeans were 69.8 and 75.5%, respectively. Individual AA intake, flow, and digestion in the small intestine of cows fed the RWLS and EWLS diets are shown in Table 6 . No difference across diets was observed for intakes. With the exception of histidine, duodenal flows of other AA were highest when cows consumed diets containing EWLS vs RWLS. Amino acids of bacterial origin were not different due to the supplement WLS source, which is consistent with the reports of Purser (1970), who concluded that AA composition of microbial CP remains constant under the most diverse dietary conditions. However, all AA of dietary origin were higher for the diet supplemented with EWLS than for the diet supplemented with RWLS. Average estimated recovery of total dietary AA in the duodenum was 25.5 percentage units higher in cows receiving the EWLS diet than in those receiving the RWLS diet. In fact, differences in recoveries higher than this value were obtained for several AA, among them isoleucine, leucine, sulphur AA, threonine, aspartic acid, glycine, and serine ( 3 0 to 37 percentage units). Differences in recoveries of arginine, histidine, lysine, and glutamic acid were somewhat lower than the remainder of the AA ( 10 to 22 percentage units). Also, the data indicate that arginine and sulphur AA were the most degradable AA in the RWLS diet; the corresponding recoveries were 24.9 and 16.8 vs 32.5% for total dietary AA. Histidine, lysine, and glycine resisted ruminal breakdown 46.5 t o 48.8%. When diets were supplemented with EWLS, arginine and sulphur AA also were degraded preferentially (41.6 and 50.0 vs 62.7% for total dietary AA) and lysine, threonine, glycine, and serine were least extensively degraded (63.7 to 78.4%). The apparent digestion of individual AA in the intestine expressed as a percentage of the duodenal flow ranged from 46.5 to 81.9% when cows received RWLS and from 58.9 to 94.4% when they were fed EWLS diets. Irrespective of the diet consumed by the cows, apparent digestion of histidine, lysine, glycine, and serine were higher than those of other AA (85.0 to 92.5%). Also, valine, alanine, and proline showed intestinal disappearances that were somewhat lower than those of the remainder of the AA (48.7 to 63.2%). Lysine and sulphur AA absorption from the small intestine (percentage of entering) were not greatly affected by extrusion, although lysine and sulphur AA disappearances were greater for EWLS (7.1 and 15.0 percentage units, respectively). However, in situ data suggested extreme differences in apparent intestinal disappearance of these AA (61.3 to 63.6 percentage units). Differences in intestinal availability of the supplemental AA would be masked by bacterial and feed basal AA flowing to the duodenum.
Implications
Heat treatment of white lupin seed by extrusion a t 195°C decreased the amount of protein in lupin seed that was degraded in the rumen and increased the supply of amino acids to the small intestine. Net uptake of amino acids from the small intestine was augmented.
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